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© A low emissivity film. 

© A low emissivity film comprises a coating of an oxide film, a metal film, an oxide film and so on alternately 
formed on a substrate in this order in a total of (2n + 1) layers where n is an integer being equal to or more than 
1, wherein an oxide film (B) formed on the side opposite to a metal film (A) being most remote from the 
substrate in view from the substrate, contains at least one layer of a zinc oxide film doped with Ga by 1 through 
10 atomic % with respect to a total amount including Zn. 
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The present invention relates to a low emissivity film which is excellent in moisture resistance. 

A film composed of (2n + 1) layers (n£1) such as a film composed of three layers in which an oxide film, 
an Ag film, and an oxide film are successively coated on a surface of a substrate, or a film composed of 
five layers in which an oxide film, an Ag film, an oxide film, an Ag film and an oxide film are successively 
5 coated on a surface of a substrate, is a heat mirror film called Low-E (Low-Emissivity) film. A glass in which 
such a low-E film is formed, is called a Low-E glass. 

This glass is a functional glass which can prevent lowering of room temperature by reflecting the 
thermal infrared radiation emitted from within a heated room, which is mainly used in cold district for the 
purpose of decreasing heating load. Furthermore, since this glass has a heat insulating effect of the solar 
jo radiation energy, it is adopted in a windshield of an automobile. Since this glass is transparent and is 
electrically conductive, it has a utility as an electromagnetic shielding glass. When this glass is equipped 
with an electric heating means such as a bus bar composed of an electrically conductive printing or the like, 
this glass can be used as an electrically heated window. 

As a major Low-E glass, one having a film composition of ZnO/Ag/ZnO/glass, is pointed out. However, 
75 since such a film is devoid of durability such as scratch resistance or chemical stability, it cannot be 
employed in a form of single, plate and it is necessary to employ it in a form of double glazing or laminated 
glass. Especially it has a problem in moisture resistance, wherein white dot or white turbidity is caused by 
moisture in the air or by moisture contained in an intermediate film in case of the laminated glass. 
Therefore, caution is required in the storage or in handling thereof in the form of single plate. 
20 A detailed investigation on the deteriorated portion of the conventional Low-E glass (film composition: 
ZnO/Ag/ZnO/glass) reveals that damage of the film such as wrinkle, or crack, or exfoliation takes place on 
the outermost layer of the oxide film. Furthermore, it is found that considerable grain growth of Ag takes 
place. From these facts, the mechanism of the generation of the white turbidity is found to be as follows. 
The outermost layer of the oxide film can not resist with internal stress of the film, is exfoliated from an 
25 interface with an Ag film, and is destroyed. Next the grain size of Ag increases. Light is scattered by the 
destroyed surface and the large Ag grain, which causes the white turbidity in appearance. 

Therefore, the inventors found that decreasing the internal stress of the oxide film, as a measure for 
improving the moisture resistance, is extremely effective, (described in Japanese Patent Application No. 
191063/1991) By this measure, the durability of the film is considerably improved. However, it is necessary 
30 to further enhance it. 

It is an object of the present invention to solve the above drawbacks of the conventional technology and 
to provide a low emissivity film which is excellent in the moisture resistance. 

According to an aspect of the present invention, there is provided a low emissivity film comprising: 

a coating of an oxide film, a metal film, an oxide film and so on alternately formed on a substrate in this 
35 order in a total of (2n + 1) layers where n is an integer being equal to or more than 1 , 

wherein an oxide film (B) formed on the side opposite to a metal film (A) being most remote from said 
substrate in view from the substrate, contains at least one layer of a zinc oxide film doped with Ga by 1 
through 10 atomic % with respect to a total amount including Zn, preferably 2 through 6 atomic %. 

According to another aspect of the present invention, there is also provided a low emissivity film formed 
40 on a substrate which comprises: a coating of oxide films and films whose major component is Ag alternately 
formed on the substrate in a total of (2n + 1 ) layers where n is an integer being equal to or more than 1 , with 
a layer closest to the substrate being an oxide film, wherein an integral width £i( • ) of (1 1 1 ) diffraction line of 
a cubic Ag in an X-ray diffraction diagram of the low emissivity film exists in a first range of 180X/(d7rcos©)- 
£0i£18OX/(dwcose) + O.15, where d(A) designates a thickness of a film whose major component is Ag, \(A), 
45 a wave length of an X-ray for measurement and 0, Bragg angle. 

A more preferable range of the integral width #(•) of (111) diffraction line of a cubic Ag is 180/- 
(d7rcos0)£0te18O\/(dTrcose) + 0.10. 

The most preferable range of the integral width /Si(°) is 18O/(d^cos0)£0i£18OX/(d?rCose) + O.O5. 

An Explanation will be given to the oxide film (B) of this invention as follows, 
so As stated above, in case of the conventional low emissivity glass (film composition: ZnO/Ag/ZnO/glass), 
when it is left in room in a form of single plate, white dot or white turbidity is caused by the moisture in the 
air. By observing the film having the white dot or white turbidity by a scanning electron microscope (SEM), 
presence of crack or wrinkle and presence of exfoliation of film is confirmed on the surface of the film. 

When an elemental analysis is performed on respective elements of Ag and Zn, with respect to the 
55 portion of the exfoliation of film, although Ag is present by almost a constant amount irrespective of the 
presence or the absence of the exfoliation, the detected quantity of Zn is approximately halved at the 
exfoliated portion. Accordingly, it is found that the exfoliation takes place at an interface between the 
outermost ZnO layer and Ag layer. 
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Next, a sample was investigated by the X-ray diffraction method using CuKa radiation before and after 
a moisture resistance test (wherein the sample is left for six days in an atmosphere of 50 • C and the relative 
humidity of 95%). Concerning (002) diffraction line of hexagonal zinc oxide and (111) diffraction line of 
cubic Ag, each of diffraction angle 26 (center of gravity position of peak), interplanar spacing d and integral 
width I.W. is shown in Table 1 . 

It is possible to detect the degree of lattice strain caused by an intemaJ stress by the degree of the 
deviation of the peak in the X-ray diffraction method. In case of a sample having the film composition of 
ZnO (B)/Ag/ZnO (A)/glass, the peak of the outermost layer of ZnO (B) is detected by an intensity 5 through 
15 times as much as the peak of ZnO (A). Therefore, the peak of ZnO in a total of the sample by the X-ray 
diffraction method may be influenced by ZnO (A) more or less, it may be construed that the peak is the 
peak of the outermost layer of hexagonal ZnO (B). 



Table 1 





(002) diffraction line of ZnO 


(111) diffraction line of Ag 


Before moisture 
resistance test 


After moisture 
resistance test 


Before moisture 
resistance test 


After moisture resistance test 


26 (deg.) 


33.78 


33.91 


38.09 


38.09 


d(A) 


2.650 


2.641 


2.361 


2.361 


I.W. (deg.) 


0.510 


0.623 


0.977 


0.675 
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It is found from Table 1, the position of (002) diffraction line of the low emissivity film before the 
moisture resistance test is considerably deviated as compared to 26 = 34.44* of ZnO powder. This 
insinuates the presence of a crystal strain. This crystal strain is considered to be due to an internal stress of 
the film. In the sample before the moisture resistance test, the interplanar spacing doo2 = 2.650A, which is 
larger than that of ZnO powder d 0 02 = 2.602A, by 1.8%. This reveals that the crystal receives a large 
compressive stress. In a sample after the moisture resistance test, doo2 = 2.641 A, wherein the crystal 
strain decreases a little. This corresponds with that the internal stress of the outermost layer of hexagonal 
ZnO is partially alleviated by crack, wrinkle or exfoliation. 

Concerning (111) diffraction line of Ag, since the integral width after the moisture resistance test 
decreases, it is considered that particles of Ag grow by performing the moisture resistance test. 

That is to say, the mechanism of generation of white turbidity, is considered to be that the outermost 
layer of ZnO film can not stand the internal stress, exfoliated from the interface thereof with the Ag film and 
damaged, and silver is deteriorated, or the particle size thereof increases, light is scattered by the damaged 
surface and by the large silver particles and the surface looks turbid. In the example of Table 1 , the internal 
stress is a compressive stress. However, there are two kinds of internal stress, namely, a compressive 
stress and a tensile stress, both of which cause the damage of film. 

It was found from the above observation that the decrease of internal stress of the outermost layer of 
ZnO film is effective to restrain the white turbidity due to the moisture. 

In this invention, it was found that the internal stress can be decreased and the moisture resistance of 
the low emissivity film can be improved by doping Ga to zinc oxide. 

Table 2 shows the internal stress of a single layer (450A) of the oxide film (B), and a relationship 
between diffraction angle 26 (center of gravity position) of (002) diffraction line of the hexagonal zinc oxide 
of a low emissivity film wherein a similar oxide film (B) (450A) is formed on glass/ZnO (450A)/Ag (100A) by 
a sputtering method, and the moisture resistance of the low emissivity film. 
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Table 2 





Oxide film (B) 450A 


Oxide film (B)/Ag /ZnO /glass 450A/1 00 A/450A 




Material 


Internal stress # (dyn/cm 2 ) 


Diffraction angle 2d (degree) of 
(002) diffraction line of ZnO 


Moisture resistance 


1 


ZnO 


1.5 x 10 10 


33.78 




2 


Ga doped ZnO 


8.0 x 10 9 


33.96 


O 


3 


Ca doped ZnO 


2.3 x 10 10 


33.65 


X 


4 


Ba doped ZnO 


2.0 x 10 10 


33.67 


X 


internal stresses are all compressive. 
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The moisture resistance is evaluated by performing a test wherein the sample is left for six days in an 
atmosphere of 50 *C and the relative humidity of 95%. The criterion for evaluation is as follows. O is for no 
white turbidity in the vicinity of edge portions of the film and no white dot having a diameter not smaller 
than 1 mm. A is for white turbidity in the vicinity of edge portions of the film, or white spot having a 
diameter not smaller than 1 mm. X is for white turbidity all over the film. All of the doping quantities of Si, B, 
Ti, Mg, Cr, Sn, Ga, Ca and Ba are 4% in atomic ratio with respect to a total quantity including Zn. 

According to Table 2, the internal stress of the zinc oxide film is lowered when the zinc oxide film is 
doped with Ga. The moisture resistance of the low emissivity film employing the zinc oxide film doped with 
Ga, is improved. In this case, compared with the ones not doped with these elements, the diffraction angle 
26 (center of gravity position) of (002) diffraction line of ZnO, is shifted to the side of a higher angle. This 
implies that the crystal strain thereof is smaller than that of the one not doped with Ga, which supports that 
the internal stress of the film thereof is small. 

Figures 1A and 1B show sectional diagrams of representative Examples of the low emissivity film of this 
invention. Figure 1A is a sectional diagram of a low emissivity film composed of three layers and Figure 1B, 
a sectional diagram of a low emissivity film composed of (2n + 1) layers. A reference numeral 1 designates 
a substrate, 2, an oxide film, 3(A), a metal film and 4(B), an oxide film (B) containing at least one layer of a 
zinc oxide film doped with Ga. 

As the substrate 1 in this invention, other than glass plate, film or plate of plastics or the like, can be 
employed. 

The oxide film (B) contains at least one layer of a zinc oxide film doped with Ga. When the doping 
quantity of Ga is smaller than 1 atomic %, the internal stress is not considerably decreased, which does not 
amount to the improvement of the moisture resistance. When the doping quantity exceeds 15 atomic %, the 
effect of decreasing the internal stress does not vary considerably. Furthermore, when the doping quantity 
is large, "haze" is apt to be brought about by the moisture, which deteriorates the moisture resistance all 
the more. Furthermore, the larger the quantity of addition, the slower the film forming rate, which 
deteriorates the productivity. In consideration of above observation, the optimum doping quantity is 1 
through 15 atomic % with respect to a total quantity including Zn, and preferably 2 through 6 atomic %. 

As stated above, with respect to the ZnO film constituting the oxide film (B), the internal stress of the 
hexagonal zinc oxide approximately corresponds with the diffraction angle 2$ (center of gravity position) by 
the X-ray diffraction method using CuKa radiation. The crystal system of a film whose major component is 
zinc oxide is hexagonal. To promote the moisture resistance of the low emissivity film of this invention, in 
the X-ray diffraction of the low emissivity film using CuKa radiation, the diffraction angle 20 (center of 
gravity position) of (002) diffraction line of the hexagonal zinc oxide, is preferably a value in a range of 
33.88* through 35.00 particularly 34.00* through 34.88*. The value of the diffraction angle 20 of not 
larger than 34.44* indicates a compressive stress and the value thereof of not smaller than 34.44 •, a 
tensile stress. 

The film thickness of the oxide film (B) is not particularly restricted. However, in consideration of the 
color tone, the visible light transmittance of a total of the low emissivity film, a thickness of 200 through 
700A is preferable. 

The oxide film (B) may be of a multi-layer. For instance, in case of forming a double grazing by 
laminating the low emissivity film with another substrate through a plastic intermediate film with the low 
emissivity film of this invention on the inner side, an oxide film (for instance, a chromium oxide film), a film 
composed of an oxide doped with other elements, a composite oxide film or the like having a thickness of 
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not larger than 100A, may be formed as a layer contacting the intermediate film for the purpose of 
controlling an adhesive stength therebetween or promoting the durability. The oxide film (B) may be 
composed of two layers or more including such a layer. 

In case of forming the oxide film (B) in an atmosphere containing oxygen by a reactive sputtering, to 
prevent oxidation of the metal film (A), first, a thin metal film or a not-sufficiently-oxidized metal oxide film is 
preferably formed on the metal film (A) in an atmosphere having poor oxygen. This thin metal film is 
oxidized and becomes an oxidized film in forming the oxidized film (B). Accordingly, the preferable film 
thickness of the above-mentioned oxide film (B) is that including the film thickness of the oxide film which is 
formed by oxidizing the thin metal film. In this specification, the same is applicable to an oxide film formed 
on the metal film 3. 

The material of the oxide film 2, other than the oxide film (B), is not particularly restricted. A multi-layer 
film containing at least two selected from the group consisted of ZnO, Sn02 and Ti02, or the multi-layer 
film added with other elements or the like can be employed. Furthermore, in consideration of the 
productivity, a film alternately laminated with at least two layers of the group consisted of ZnO, SnCfc and 
ZnO-Sn02, or a ZnO film doped with at least one selected from the group consisted of Si, B, Ti, Mg, Cr, Sn 
and Ga by a total of 15 atomic % or less with respect to a total quantity including Zn, is preferable. 

Considering the color tone and the visible light transmittance, the thickness of the oxide film 2 is 
preferably 200A through 700A. In case of a multi-layer film, a total thereof is preferably 200A through 700A, 
and the film thicknesses of the respect layers are not to be limited. 

Particularly, in case of a low emissivity film having a film composition of five layers as in that of an 
oxide film, a metal film, an oxide film, a metal film and an oxide film, or more than five layers, it is 
preferable to employ a film including at least one layer of a zinc oxide film doped with at least one of the 
group consisted of Si, B, Ti, Mg, Cr, Sn and Ga by 1 through 15 atomic %, preferably 2 through 6 atomic 
% with respect to a total quantity including Zn, in the oxide film 2 other than the outermost layer of the 
oxide film (B). 

As the metal film 3 in this invention, a film provided with the heat ray shielding function such as a film 
of Ag or a film whose major component is Ag including at least one selected from the group consisted of 
Au, Cu and Pd, can be employed. The metal film 3 may be provided with a metal layer having various 
functions other than the metal film having the heat ray shielding function. For instance, a metal layer which 
controls an adhesive strength between the metal film having the heat ray shielding function, and the oxide 
film (B) or the oxide film 2, a metal layer having a function preventing diffusion of metal from the metal film 
having the heat ray shielding function or the like, may be pointed out. As an example of a metal composing 
the metal layers having these functions, Zn, AJ, Cr, W, Ni, Ti, or an alloy having two kinds of these or the 
like, is pointed out. 

The moisture resistance can further be improved by combining the oxide film 4 having low internal 
stress, with the Ag layer. 

Explanation will be given in details in the following on the relationship between the stability of Ag and 
the deterioration of the Low-E film. 

A moisture resistance test was performed on a conventional Low-E film (ZnO/Ag/ZnO/glass). In this 
moisture resistance test, the sample is left in an atmosphere of 50 *C in temperature and 95% in relative 
humidity for 6 days. White dots and white turbidity are found in the Low-E film after the moisture resistance 
test. Investigation is performed on the Low-E film before and after the moisture resistance test by X-ray 
diffraction method. Table 3 shows respectively the diffraction angle 20 (center of gravity position of X-ray 
diffraction peak), the interplanar spacing dm, and the integral width 0i, concerning (111) diffraction line of 
cubic Ag. 



Table 3 
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Before moisture test 


After moisture test 


20 C) 


38.09 


38.09 


dm (A) 


2.361 


2.361 




0.977 


0.675 
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According to Table 3, concerning (111) diffraction line of Ag, after the moisture resistance test, the 
integral width /Si is decreased to a large extent, and the diffraction peak becomes considerably sharp. This 
shows that the crystallite size of Ag is considerably increased. (That is, the crystallite size becomes larger 
than the film thickness.) The increase of the grain size and the agglomeration of Ag is recognized by the 
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observation of the sample by a SEM (scanning electron microscope) of the Low-E film after the moisture 
resistance test. In this specification, crystallite designates a crystal particle recognized by an X-ray, and 
grain designates a particle aggregated with the crystallite recognized by an SEM. From this observation, it 
is found that the Ag film is changeable and unstable. 
5 The Low-E film is liable to be deteriorated due to the instability of such Ag. This is due to the following 
two reasons. 

First of all, exfoliation of the oxide film is liable to take place at the interface between Ag and the oxide, 
and the outermost layer of the oxide film is liable to be destroyed. The portion wherein the oxide film is 
exfoliated and destroyed appears to be the white turbidity. (This phenomena is naturally significant when 
io the internal stress of the oxide film is large. The fact that the deterioration can be prevented by lowering the 
internal stress of the oxide film, was mentioned in details in Japanese Patent Application No. 191063/1991). 

Secondly, in addition to the destruction of the oxide film, the grain growth of Ag and the agglomeration 
thereof take place, by which the degree of white turbidity becomes more and more conspicuous. This is 
also due to the instability of Ag. 
75 When Ag is stabilized, exfoliation of the oxide film is hard to take place at the interface between Ag and 
the oxide. Therefore, the destruction of the outermost layer of the oxide film is hard to take place. Even 
when the outermost layer of the oxide film is exfoliated, the degree of the white turbidity is not so 
conspicuous since the grain of Ag does not considerably grow and agglomerate. As a result the 
deterioration of the Low-E film is prevented. 
20 From above reasonings, it is found that the stabilization of Ag is indispensable for improving the 
durability of the Low-E film. 

A search is performed by observing the X-ray diffraction line, on the imperfection of Ag crystal, and the 
relationship between the stability of Ag and the observation result is mentioned as follows. 

Scherrer introduced the following experimental formula concerning a general crystal, assuming that 
25 there is no imperfection in crystal and the spacing of the profile depends only on the crystallite size, and 
presuming that the crystallite size is uniform. 

D h ki = K-18OX/(7r^icos0) 

30 where D hk1 (A) is a crystallite size perpendicular to hk1, K, a constant, X (A), an X-ray wave length for 
measurement, j8i (•), an integral width, and 0, a Bragg angle of a diffraction angle (20 is peak position). 
When 0\ signifies the integral width, K is about 1 . 

Generally speaking, an Ag film coated by a sputtering method is liable to be oriented in (111) plane 
parallel to the substrate. Accordingly, normally, only (111) diffraction line of Ag is observed. 

35 When Ag is a perfect crystal in the direction perpendicular to the substrate, the crystallite size in the 
direction perpendicular to the substrate is the same as the film thickness. In case of the above (111) plane 
oriented in parallel to the substrate, the crystallite size Dm is equal to the film thickness. Therefore, the 
film thickness and the integral width are defined by the following equation. 

40 d = Dm = 18O\/(7r0icos0) 

Therefore, 

/3i = 18OX/(d7rcos0) (1) 

45 

Figure 2 shows the relationship between the film thickness of Ag and the integral width of (111) 
diffraction line of Ag. The bold line shows the relationship as shown in equation (1). Each dot signifies a 
measured value in the conventional ZnO/Ag/ZnO/glass. 

When Ag is of a perfect crystal in the direction perpendicular to the substrate, the integral width of (1 1 1 ) 
so diffraction line of Ag should approximately agree with the bold line in Figure 2. However, Figure 2 shows 
that the measured value of the integral width of the conventional Low-E film are larger than that of the bold 
line. 

The main reason that integral width is enlarged, is that the Ag crystal is not a perfect crystal, and 
contains imperfection such as ununiform distortion or defect. 
55 Due to the imperfection of the crystal, Ag becomes unstable then oxide film is liable to be exfoliated 
and the grain growth of Ag is liable to take place. As the result, the moisture resistance of the Low-E film is 
deteriorated, and white turbidity or white dot is generated. 
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In this invention, it is found that alleviation of the imperfection of the Ag crystal is effective for 
preventing the white turbidity or the white dot due to moisture. 

Table 4 shows the relationship among the integral width 0i of (111) diffraction line of cubic Ag of the 
Low-E film before the moisture resistance test, the ratio of change of integral width of the Low-E film after 
5 the moisture resistance test in comparison to the integral width before the moisture resistance test, and the 
moisture resistance. Every uppermost layer of the ZnO film and every Ag film are produced under the 
same condition. The film thickness of the Ag film is 100 A. The internal stress of the uppermost layer of 
ZnO film is 1.2 x 10 to dyn/cm 2 . In samples 3, heat treatment at 200 to 300 # C is performed after the film 
deposition. When the samples are investigated by X-ray diffraction method, almost no change is found on 
70 the peak position of (002) diffraction line of hexagonal ZnO before and after the heat treatment. From this 
fact, it seems that there is almost no change in the internal stress of ZnO film. 

The moisture resistance of sample is evaluated by performing the test in which the sample is left in an 
. atmosphere of 50 • C in temperature and 95% in relative humidity for 6 days. As the evaluation standard, O 
is for a sample having no white turbidity at adjacent to the edge of the film, and white dot with a diameter 
15 less than 1 mm or no white dot, A for a sample having no white turbidity at adjacent to the edge of the film, 
and white dot with a diameter of 1 to 2 mm, and X for a sample having white turbidity at adjacent to the 
edge of the film, or white dot with a diameter of more than 2 mm. 

From Table 4, it is found that the moisture resistance depends on the integral width 0i of (111) 
diffraction line of cubic Ag of the Low-E film before the moisture resistance test. 

20 
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Moisture resistance 


x < o 


Ratio of change of integral 
width of Ag(1 11) diffraction 
line (%) 


63.5 
14.4 
0.3 


Integral width (•) of 
Ag(1 11) diffraction line 


1.75 
1.12 
0.95 


Layer system of Low-E film 
(numerals: film thickness (A)) 


ZnO/Ag/G450 100 
ZnO/Ag/ZnO/G 450 100 450 
ZnO/Ag/ZnO/G 450 100 450 




i- CNJ CO 
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When the integral width is small and approximately equal to 0.93 which is a value calculated from 
equation (1) when the film thickness of Ag is 100 A, that is, when the crystallite size in the direction 
perpendicular to the substrate is approximately equal to the film thickness (that is, imperfection of crystal is 
5 not considerable), the change of (111) diffraction line of Ag after the moisture resistance test in comparison 
to that of before the test is small and Ag is stable. 

Normally, since the crystallite size in the direction perpendicular to the substrate varies with the film 
thickness of Ag, naturally, so does the integral width. Accordingly, the optimum value of the integral width of 
Ag crystal changes with the film thickness of Ag. Table 5 shows the relationship between the integral width 
70 of (111) diffraction line of cubic Ag and the moisture resistance when the film thickness of Ag in the Low-E 
film (ZnO/Ag/ZnO/glass), is changed. The evaluation standard of the moisture resistance is the same as in 
the above Table 4. 



Table 5 

75 



Rim thickness of Ag (A) 


Integral width ( • ) 


Moisture resistance 


90 


1.34 


X 




1.20 


A 




1.05 


O 




(103) 




100 


1.25 


X 




1.12 


A 




0.95 


o 




(0.93) 




110 


1.07 


X 




1.01 


A 




0.84 


O 




(0.84) 





The values in the parentheses in Table 5 are the values wherein the peak position 26 = 38.11 of (111) 
diffraction line of Ag powder in case of X-ray diffraction by CuKa radiation (X = 1.54 A), is put into the 
equation (1). 

In the Low-E film according to the present invention, the integral width $]{•) of (111) diffraction line of 
cubic Ag in the X-ray diffraction diagram of the Low-E film, is desirable to be in the range of 18OX/(dircos0)- 
£/Si£18OX/(d7rcos0) + O.15, more preferably, 18OX/(d7rcos0)£/Si£18OX/(dircos0) + O.1O and the most preferably, 
180X/(d77COSfl)£/Ste180X/(d7rcose) + 0.05, where d(A) designates the thickness of the Ag layer 3 whose major 
component is Ag, X (A), the wave length of the X-ray for measurement, and 0, Bragg angle (26 is peak 
position). 

As the film thickness of a total of the metal film 3 including these metal layers, in consideration of a 
balance of the heat ray shielding function and the visible light transmittance and the like, a thickness of 50A 
through 160A, especially around 90A through 120A, is suitable. 

The moisture resistance of the invented low emissivity film is considerably improved, compared with 
the conventional low emissivity film, by including at least one layer of a zinc oxide film doped with Ga by 1 
through 15 atomic %, preferably 2 through 6 atomic % with respect to a total quantity including Zn, as the 
oxide film (B). This is because the deterioration by the moisture is restrained since the oxide film is hard to 
be destroyed by lowering the internal stress of the oxide film. 
In the drawings: 

Figures 1A and 1B are sectional diagrams of an example of a low emissivity glass coated with a low 
emissivity film on the glass according to the present invention. 

Figure 2 is a graph showing a relationship between a film thickness of Ag and an integral width of Ag 
(111) diffraction line. 

Now, the present invention will be described in further detail with reference to Examples. However, it 
should be understood that the present invention is by no means restricted to such specific Examples. 
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EXAMPLE 1 

A Ga doped ZnO film was formed by 450A on a glass substrate by a direct current sputtering method, 
in an atmosphere of Ar, employing a target of Ga doped ZnO containing Ga by 5.0 atomic % with respect 
s to a total quantity including Zn. Next, without changing the atmosphere, an Ag film was formed by 100A 
employing a target of Ag. Finally, without changing the atmosphere, a Ga doped ZnO film was formed by 
450 A on the Ag film, employing a target of Ga doped ZnO containing Ga by 5.0 atomic %. 

The temperature of the substrate in forming the film was room temperature. The power density of the 
sputtering was 1.1 W/cm 2 in forming the Ga doped ZnO film, and 0.7 W/cm 2 in forming the Ag film. 
10 Furthermore, the ratio of Zn as compared to Ga in the Ga doped ZnO film was the same with that of the 
target. 

A moisture resistance test similar to those in the above Examples was performed on the obtained low 
emissivity film. The appearance of the sample after the moisture resistance test was as good as in the 
above Examples. 

75 

EXAMPLE 2 

A Ga doped ZnO film was formed by 450A on a glass substrate by a direct current sputtering method, 
in an atmosphere of Ar, employing a target of Ga doped ZnO containing Ga by 2.6 atomic % with respect 
20 to a total quantity including Zn. Next, without changing the atmosphere, an Ag film was formed by 100A 
employing 3 target of Ag. Finally, without changing the atmosphere, a Ga doped ZnO film was formed by 
450 A on the Ag film, employing a target of Ga doped ZnO containing Ga by 2.6 atomic %. 

The temperature of the substrate in forming the film was room temperature. The power density of the 
sputtering was 1.1 W/cm 2 in forming the Ga doped ZnO film, and 0.7 W/cm 2 in forming the Ag film. 
25 Furthermore, the ratio of Zn as compared to Ga in the Ga doped ZnO film was the same with that of the 
target. 

A moisture resistance test similar to those in the above Examples was performed on the obtained low 
emissivity film. The appearance of the sample after the moisture resistance test was as good as in the 
above Examples. 

30 

EXAMPLE 3 

A Ga-doped ZnO film, an Ag film, and a Ga-doped ZnO film are successively deposited on a glass 
substrate having respectively the thicknesses of 450 A, 100 A, and 450 A, by the RF sputtering method. In 
35 this Example, the Ga-doped ZnO films are formed, as the oxide film 2 and the oxide film 4, and the Low-E 
film after the film formation is heat-treated in vacuum. 

A ZnO target containing Ga by 5.0 atomic % of the total quantity including Zn and an Ag target are 
used, and the sputtering is performed in an atmosphere of argon gas. The substrate temperature is at room 
temperature. The film deposition of the Ga-doped ZnO films of the first and the third layers, is performed 
40 under the RF pressure of 1.0 x 10~ 2 Torr, with the RF power density of 1.8 W/cm 2 . The film deposition of 
the Ag layer is performed under the sputtering pressure of 3.0 x 10"" 3 Torr, with the RF power density of 
1 .1 W/cm 2 . The Low-E film after deposition is heat treated at 240 " C in vacuum for 1 hour. 

The Low-E film after the heat treatment is examined by X-ray diffraction method. The integral width 0i 
of (111) diffraction line of Ag is 0.95°. The diffraction angle 20 (center of gravity position) of (002) diffraction 
45 line of ZnO is found to be 34.02 • . 

The appearance of the Low-E film after 6 days of the moisture resistance test, is excellent without any 
white dot or turbidity observed by human eyes. 

COMPARATIVE EXAMPLE 1 

50 

A ZnO film was formed by 450A on a glass substrate by a direct current sputtering method, in an 
atmosphere of Ar:C>2 = 1:9 under 2.0 x 10" 3 Torr, employing a target of a Zn metal. 

Next, an Ag film was formed by 100A in an atmosphere of Ar only under 2.0 x 10~ 3 Torr, employing a 
target of Ag. Next, without changing the atmosphere, a very thin Zn film was formed by approximately 20A, 
55 employing a target of a Zn metal. Finally, a ZnO film was formed on the Ag film in an atmosphere of Ar:02 
= 1:9 under 2.0 x 10~ 3 Torr, employing a target of Zn. 

Since the Zn film was oxidized into a ZnO film under the oxide atmosphere, the total film thickness of 
the ZnO film formed on the Ag film was 450 A. The temperature of the substrate in forming the film was 
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room temperature. The power density of the sputtering was 2.7 W/cm 2 in forming the ZnO film, and 0.7 
W/cm 2 in forming the Ag film. 

A moisture resistance test similar to those in the above Examples was performed on the obtained low 
emissivity film. Concerning the appearance of the sample after the moisture resistance test, clear white dots 
s having a diameter of 1 mm or more and white turbidity at the peripheral portion of the sample were 
observed. 

In the low emissivity film of this invention, the moisture resistance thereof is considerably improved. 
Accordingly, it is considered that the handling thereof in a single plate form is facilitated. Furthermore, the 
possibility of long term storage thereof in room in a single plate form, is realized. Furthermore, this 

70 improvement amounts to the promotion of reliability in a low emissivity film for use in an automobile and for 
use in construction. Furthermore, since the low emissivity film is not deteriorated by the moisture contained 
in an intermediate film when it is used in a double glazing, the durability of double grazing for use in an 
automobile, in construction or the like is promoted. 

Since the low emissivity film of this invention is provided with metal films, it has electric conductivity as 

75 well as the heat ray shielding function. Accordingly, the low emissivity film of this invention is applicable to 
various technology fields by utilizing the electric conductivity. For instance, in the field of electronics, it can 
be utilized as an electrode (it can be used in an electrode for a solar cell or the like). Furthermore, it can be 
used as a heat generating body in an electrically heated window. Or, it can be utilized as an electromag- 
netic shielding film in a window or in electronic components. Depending on cases, the low emissivity film of 

20 this invention can be formed on a substrate interposing a film having various functions. In that case, the 
optical function thereof can be controlled in accordance with the usage, by selecting optimum film 
thicknesses of respective films of the low emissivity film of this invention or the like. 



Claims 

25 

1. A low emissivity film comprising: 

a coating of an oxide film, a metal film, an oxide film and so on alternately formed on a substrate in 
this order in a total of (2n + 1 ) layers where n is an integer being equal to or more than 1 , 

wherein an oxide film (B) formed on the side opposite to a metal film (A) being most remote from 
30 said substrate in view from the substrate, contains at least one layer of a zinc oxide film doped with Ga 
by 1 through 15 atomic % with respect to a total amount including Zn. 

2. The low emissivity film according to Claim 1 , wherein the oxide film (B) contains at least one layer of a 
zinc oxide film doped with Ga by 2 through 6 atomic % with respect to a total amount including Zn. 

35 

3. The low emissivity film according to Claim 1 , wherein the metal film (A) is a metal film whose major 
component is Ag. 

4. The low emissivity film according to Claim 1 , wherein the crystal structure of the zinc oxide of the zinc 
40 oxide film is hexagonal and a value of a diffraction angle 26 (center of gravity position) of (002) 

diffraction line of the hexagonal zinc oxide in X-ray diffraction method using CuKa radiation is not 
smaller than 33.88 • and not larger than 35.00 • . 

5. The low emissivity film according to Claim 1 , wherein a value of a diffraction angle 26 (center of gravity 
45 position) of (002) diffraction line of a hexagonal zinc oxide of the zinc oxide film in X-ray diffraction 

method using CuKa radiation is not smaller than 34.00 • and not larger than 34.88 ■ . 

6. The low emissivity film according to Claim 1, wherein at least one layer of oxide films other than the 
oxide film (B) is a zinc oxide film doped with at least one selected from the group consisted of Si, Ti, 

50 Cr, B, Mg, Sn and Ga by 1 through 15 atomic % with respect to a total amount including Zn. 

7. The low emissivity film according to Claim 1, wherein at least one layer of oxide films other than the 
oxide film (B) is a zinc oxide film doped with at least one selected from the group consisted of Si, Ti, 
Cr, B, Mg, Sn and Ga by 2 through 6 atomic % with respect to a total amount including Zn. 

55 

8. A low emissivity film according to Claim 3, 

wherein an integral width 0\( •) of (11 1) diffraction line of a cubic Ag in an X-ray diffraction diagram 
of the low emissivity film exists in a first range of 18OM(d^cos0)£/3tel8O\/(dwcose) + O.15, 
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where d(A) designates a thickness of a film whose major component is Ag, X(A), a wave length of 
an X-ray for measurement and e, Bragg angle. 

9. The low emissivity film according to Claim 8, wherein the integral width #(•) exists in a second range 
5 of 18OX/(dircos0)^^i^18OX/(dircos0) + O.1O. 

10. The low emissivity film according to Claim 8, wherein the integral width exists in a third range of 
1 8OX/(aVcos0)£/S£1 80X/(a>cose) + 0.05. 

io 11. A low emissivity film according to Claim 4, 

wherein an integral width /5i(*) of (111) diffraction line of a cubic Ag in an X-ray diffraction diagram 
of the low emissivity film exists in a first range of 18OX/(dwcos0)^/3i^18OX/(dwcos0) + O.15. 

12. The low emissivity film according to Claim 11, wherein the integral width fi\( 9 ) exists in a second range 
75 of 18OX/(d7TCOsO)^^i^18OX/(dircos0) + 0.10. 

13. The low emissivity film according to Claim 11, wherein the integral width 0i(*) exists in a third range of 
1 80X/(d*cosfl)£#£ 1 80x/(d^cos6) + 0.05. 

20 14. The low emissivity film according to Claim 1, wherein a layer being most remote from the substrate 
among a plurality of layers composing the oxide film (B) is a controlling layer for controlling adhesive 
strength between the low emissivity film and an intermediate plastic film interposed for lamination with 
another substrate. 
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FIGURE I A 
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